INTRODUCTION
Kimberlites typically contain some or all of the tracer minerals pyropic garnet, chromian diopside, enstatite, and magnesian ilmenite (Dawson, 1980) . Examining heavy-mineral concentrates from alluvial and colluvial deposits and soils is a well-known technique for prospecting for kimberlites all over the world. Heavymineral concentrates are obtained by hand panning, sluice-box or rocker-box concentrating, or heavy-liquid or hydraulic laboratory techniques. Garnet is particularly suitable as a tracer because it is present in most kimberlites, is more abundant than other tracer minerals in many kimberlites (Dawson and Stephens, 1975) , and is resistant to attrition during transport in comparison with other common tracer minerals (Leighton and McCallum, 1979) .
Garnet in kimberlite is most commonly derived from disaggregated upper mantle material. Garnet in kimberlite can also be derived from lower or upper crustal rocks or from shallow Precambrian rocks. In addition, garnets can be derived from shallow sedimentary rocks or from surficial deposits that were disaggregated and incorporated into the kimberlite during its eruption. Garnets from any of these sources could be distinctive indicators of kimberlite in a drainage basin where other garnet-bearing source rocks are not exposed. Although many sources can contribute garnet to. kimberlite or to diatremes of other magma types, the garnets that are derived from deep upper mantle sources are distinctive indicators of kimberlite. Kimberlitic garnets of ultimate upper mantle origin can be derived from garnet peridotite, garnet pyroxenite, eclogite, or megacryst assemblages. Megacryst assemblages in kimberlite are coarse-grained garnet, orthopyroxene, clinopyroxene, olivine, and ilmenite that are presumed to coexist at Introduction 1 upper mantle temperatures and pressures. Megacrysts commonly occur as monomineralic inclusions, rarely as intergrown bimineralic inclusions, and very rarely as multimineralic inclusions. The large size of garnet ( > 1 em) is an obvious clue to the presence .. of kimberlite if large garnets are absent in surrounding bedrock. Garnet megacrysts and garnets from most garnet peridotites and from many garnet pyroxenites are distinctly rich in Cr and thus are indicative of deep source material in the kimberlite and of an attendant potential for diamond. One type of garnet that is low in Ca and particularly rich in Cr is found as inclusions in diamond (Meyer and Boyd, 1972) and as a component of diamond-bearing harzburgites and dunites (Finnerty and Boyd, 1980) but is extremely rare in kimberlite (Gurney and Switzer, 1973) .
Two studies (Dawson and Stephens, 1975, 1976; Danchin and Wyatt, 1979) classify kimberlite garnets and xenolith garnets into 12 and 52 cluster groups, respectively, on the basis of chemical composition. Their garnet populations include separate xenocrysts and megacrysts; garnets from lherzolite, harzburgite, dunite, pyroxenite, and eclogite xenoliths; and garnet inclusions in diamond. Dawson and Stephens (1975, 1976) gave limited color data for each group. Both studies exclude garnets from granulites, garnet amphibolites, or other crustal rocks because such xenoliths are scarce in African kimberlites or because there are no distinctive criteria for xenocrysts of crustal origin.
During field or laboratory examination of heavymineral suites, the color of garnet can be easily and rapidly determined and is a useful criterion for the presence of upper mantle garnets. Garnets from peridotites are dominantly purple, reddish purple, or deep red, and all have a moderate to high Cr content, typically 2.5 to 12 wt percent Cr203. Garnets from pyroxenites are purple, red, or orange and have low to moderate Cr content. Garnets from eclogites are typically red to light orange and have low Cr content. Megacryst garnets are generally red to red orange, although some are purple or light orange. A substantial proportion of purple garnets in a kimberlite indicates that garnet peridotite inclusions may be present. Substantial proportions of red, orange, or light-orange garnets could indicate the presence of eclogites, in the absence of xenoliths of more shallow derivation such as granulite or amphibolite, which can contain garnets of those colors.
The purplish or deep-red color of peridotite garnets is distinctive and can be recognized in the field during hand-lens study of garnets in soil, surficial deposits, pan concentrates, or the kimberlite itself. Recognition of these garnets is enhanced by their tendency to occur as clear, unfractured grains or as grains with clean, glassy, conchoidal fracture surfaces. Determination of color can be improved by viewing in direct sunlight and by wetting the grains. For grains that are partially coated 2 Garnets in Montana Diatremes: A Key to Kimberlite Prospecting by kelyphitic reaction rims or that are imbedded in kimberlite matrix, determination of color can be aided by focusing a bright spot of sunlight onto the grain with a hand lens.
TECHNIQUES OF COLOR CLASS I FICA liON
The classification of garnets into color groups was done megascopically by using a binocular microscope with an incandescent unfiltered light source to simulate techniques that could easily be used in the field. Such classification, however, is subjective. Variables affecting color determination are the light source, the size of the grains, background color, the color of adjacent grains, surface irregularities, the presence of tiny inclusions or fractures, and perceptual idiosyncrasies of the observer.
It is important to compare many grains in the same field of view because some color groups might not be represented in a small sample; also, the divisions between the groups are usually arbitrary because of complete gradation between some color groups. Surficial abrasion makes grains appear lighter in color. Internal fractures can decrease the visible volume of a grain and thus lighten its color. The color of garnets that are surrounded by dark pyroxenes or serpentinized olivine in an inclusion can appear to be different from the color that they would show as single loose grains; so, for the best comparison, the garnets should be picked out of inclusions or matrix. Classification was aided by placing white paper underneath the grains to provide a uniform background and to make the colors more distinctive. Garnets should be approximately the same size because smaller grains or thin flakes appear lighter than larger grains. The observer can compensate for some of these variables-for example, by placing light-purple, purple, and dark-purple grains in the same color group.
It is likely that, in classifying the same garnet sample, two observers will have slightly different numbers of grains in each color group. This difference will be of little importance if the number of garnets is large enough to give a good statistical base and if the color groups are regarded as gradational. Color groups may be chemically gradational as well. For example, some red grains are chemically similar to some purple grains, and some color groups may show extensive overlap in their chemical compositions. -16, 19-36, 38-53, 56-89, 92-112, 114 , and 115: Garnets from H68-16N, colluvial material west of southwestern end of Williams 4 dikelike diatreme, southwest of autolith-rich breccia; NW1/4SW1/4NE1/4 sec. 7, T. 24 N., R. 24 E. Analyses 17, 18, 37, 54, 55, 90, 91, 113, and 116 : Garnets from H68-17C, colluvial lag material in topographic saddle between terrace-pediment gravel remnants, south-central part of Williams 1 diatreme; NW1/4SW1/4NW114 sec. 8, T. 24 N., R. 24 E.] 
Total -------- Table 1 . Analyses of colluvial garnets in the Williams 1 and 4 diatremes, grouped by color-Continued AlzOl ------------ TiOz ------------- Cr zOl ------------ Mg -------------- Garnets have been classified by color and analyzed by using an automated ARL-EMX electron microprobe with online data reduction using Bence and Albee's (1968) method. Silicate standards were used for all elements except Cr, for which a synthetic Cr203 standard was used. A natural pyrope garnet froin Kakanui, New Zealand, was always analyzed as a check on the standardization.
Analyzed garnets from the Williams diatremes area are from several types of samples: panned concentrates from colluvium adjacent to the Williams 4 diatreme and from a colluvial lag deposit on the Williams 1 diatreme (table 1), inclusions of fresh and altered garnet peridotite (tables 2 and 3), megacrysts (table 4), and inclusions of granulite and amphibolite (table 5) . Garnets in various samples from other diatremes (panned concentrates, granulite, gneiss and schist inclusions, and xenocrysts), in Precambrian bedrock, and in detrital deposits from presumed Little Rocky Mountains sources (table 6) were classified by color and analyzed for comparison with garnets from the Williams diatremes. Published (Hearn and Boyd, 1975) and unpublished (by F. R. Boyd and by the authors) analyses of garnet megacrysts and garnets from peridotite inclusions in the Williams diatremes are also given (tables 2-5).
GEOLOGY OF THE WILLIAMS DIATREMES
The Williams kimberlites are a group of four closely spaced diatremes ( fig. 1 ) in the eastern part of an east-northeast-trending swarm of ultramafic alkalic diatremes, dikes, and plugs 46 to 51 m.y. old (middle Eocene) (Marvin and others, 1980) in the Missouri River Breaks area of north-central Montana (Hearn, 1968 (Hearn, , 1979 . The western end of the swarm is represented by the Haystack Butte intrusion (Buie, 1941) on the eastern flank of the Highwood Mountains, and the easternmost occurrence is the Ricker Butte group of intrusions on the southeastern flank of the Little Rocky Mountains. The diatremes and intrusions were produced by alkalic ultramafic magmas that crystallized to alnoite or monticellite peridotite. Their fine-grained fresh equivalents, which would correspond to olivine nephelinite or olivine melilitite, are typically altered to secondary assemblages in bedded pyroclastic deposits within the diatremes. Such alkalic ultramafic magmas occur in the same broad geographic areas as kimberlites in other parts of the world (Dawson, 1980) and are likely to have been parental to many kimberlites. Although the alkalic ultramafic character of the Missouri Breaks diatremes indicates kimberlitic affinity, only the Williams diatremes can be termed true kimberlite on the basis of the presence of the typical kimberlite indicator minerals chromian pyrope, chromian diopside, enstatite, and magnesian ilmenite (Dawson, 1980) .
Garnets in Montana Diatremes: A Key to Kimberlite Prospecting
Two of the Williams diatremes are major pipes, and two are smaller satellitic pipes. Williams 1 is very poorly exposed and was mapped by soil types, the presence of indicator minerals in soils and in animal burrows, and limited soil auger sampling. Williams 1 is a diatreme of rounded triangular shape, about 250 x 350 m in size, that has been emplaced against the ring fracture of the Siparyann Butte (Thornhill Butte) dome, a dome of Cambrian to Cretaceous sedimentary rocks that were uplifted at about 61 m.y. above a hornblende syenite porphyry intrusion (Brockunier, 1936; Knechtel, 1959; Marvin and others, 1980) . Wall rock of the western, southern, and northern sides of the kimberlite is dominantly shale, interlayered with minor beds of limestone and sandstone, of the Colorado Group of Late Cretaceous age. Wall rock to the east is Paleozoic limestone, dolomite, and calcareous shale in the dome. The diatreme mainly contains soft clay-rick kimberlite breccia, rich in inclusions of Cretaceous and lower Eocene sedimentary rocks. A small intrusion of partially altered monticellite peridotite or massive kimberlite is present in the southern part. Downfaulted blocks of sandstone and claystone of lower Eocene Wasatch Formation, probably 5 m to a few tens of meters in size, occur on the border of the Williams 1 diatreme, similar to other Missouri Breaks diatremes that contain large slices of sedimentary rocks that have subsided as much as 1 ,500 m from the Wasatch and older formations. Blocks of Cretaceous shale and sandstone 1 m to several meters in size are also present.
The presence of olive-green pyroxenes of slightly rounded, prismatic euhedral shape in panned concentrates and of rare pebbles of phonolite indicates that the diatreme also incorporated detrital material derived from the Bearpaw Mountains volcanic fields in middle Eocene time (Hearn, 1979) . The poorly exposed Williams 2 pipe, about 40 x 120 m, contains kimberlite breccia that is rich in limestone and dolomite fragments from the surrounding Paleozoic rocks. Williams 3, about 30 x 40 m, primarily consists of one or more blocks of sandstone and siltstone that have subsided a few hundred meters from the Eagle Sandstone or from the Telegraph Creek Formation and occupy the whole pipe area with the exception of a small marginal occurrence of kimberlite breccia.
Williams 4 is a dikelike diatreme 390 m long and up to about 40 m wide. Parts of Williams 4 are well exposed. The dike is variable in texture along strike. Massive kimberlite forms several areas from 2 m to a few tens of meters across; the rest of the dike has fragmental texture or is unexposed. Some massive outcrops show cryptic fragmental texture on close examination. A portion of the dike near its southwestern end contains abundant autoliths 0.5 to 8 em in diameter. Most autoliths contain cores of baked shale, baked sandstone, or igneous rock (kimberlite or monticellite peridotite?), the texture of which is slightly coarser than that of the peripheral micaceous igneous coating.
Inclusions from Deep Levels
Ascended inclusions are from the Precambrian basement (2,000 m and deeper), the upper crust (schist, gneiss, and amphibolite), the lower crust (granulite, mafic granulite, and mafic amphibolite), and the upper mantle (spinel peridotite, dunite, garnet peridotite, garnet megacrysts, and xenocrysts of kimberlite indicator minerals). Neither eclogites nor diamonds have been found. Assignment of lithologies to the upper or lower crust is tentative and based on analogies to inclusion suites in diatremes elsewhere and on sequences of metamorphic textures and facies elsewhere. Garnets occur in rocks from each of the depth zones listed above. Study of the entire suite of inclusions is in progress but so far has concentrated mainly on the upper mantle garnet peridotites. In addition, six megacryst garnets and garnets from three mafic granulites, two mafic amphibolites, and two inclusions of unknown depth of origin have been analyzed.
Garnets from Garnet Peridotites
Sheared (porphyroclastic and mosaic porphyroclastic) (Harte, 1977) and granular (coarse) (Harte, 1977) peridotites are present but rather rare in the Williams 1 and 4 diatremes. Some granular-textured peridotites show a necklace texture of thin zones of fine-grained recrystallized olivine surrounding large olivine crystals. Because of alteration, the texture cannot be determined in many peridotites. In altered peridotites, serpentinization and weathering have produced pseudomorphs of all of the primary olivine and enstatite, but garnet and, less commonly, diopside survive. All eight fresh peridotites contain lherzolitic assemblages (olivine + clinopyroxene +orthopyroxene), but some contain less than 1 percent clinopyroxene. Garnets from 8 fresh peridotites and from 11 altered peridotites have been analyzed (tables 2 and 3). Within each peridotite xenolith, these garnets are typically unzoned and of the same composition or else show a small range in composition. All the garnets are pyrope rich and have Mg/(Mg +Fe) of more than 0.78 ( fig. 2 ). Nineteen garnets taken from 15 of the 19 peridotites contain more than 4.0 wt percent Cr20h the maximum being 7.83 percent; six garnets from theremaining four peridotites contain 0. 7 to 3.0 wt percent . Garnets from one sheared peridotite contain the lowest amount of Cr203 (coarse-and fine-grained garnets are slightly different in composition), and garnets from the other two sheared peridotites plot with the higher Cr203 group of garnets (figs. 3, 4B, 5). All19 of the analyzed garnets containing more than 4.0 wt percent Cr203 (from 15 peridotites) are purple; the six analyzed garnets (from four peridotites) containing less than 4.0 wt percent are red or red orange. Garnets are purple in 15 of 19 garnet peridotite inclusions. The band of garnet compositions on the CaO-Cr203 plot ( fig. 4B ) is within or slightly more CaO rich than the band of garnet compositions from two-pyroxene assemblages (lherzolites) from Russian kimberlites (Sobolev and others, 1973) . Peridotite garnets show an inverse relationship of Cr and AI ( fig. 6B ) owing to substitution in the six-coordinated position. Chromium content is probably related to differences in bulk composition in the upper mantle.
Garnets from fresh peridotites have a bimodal distribution of CaO content (4.2-4.9 and 5.6-6.9 wt percent) ( fig. 4B) Mitchell (1979, p. 163 ) as a justification for subdividing Dawson and Stephens' (1975, 1976 ) group 9 garnets ("chrome pyrope") into high and low Cr203 subgroups. The bimodal distribution may be present in sparse data shown by McCallum and others (1975, p. 174) for garnets from peridotites in Colorado-Wyoming kimberlites.
Megacryst Garnets
Only six megacryst analyses are available. Colors are purple, red, red orange, and orange. Five of the six megacrysts ( > 1 em) are pyrope rich and have similar Ca contents; these plot in a line across the lower Ca portion of the peridotite garnet field ( fig. 2E ). All five contain less than 2.3 wt percent Cr203 and fit the Cr-poor group of garnet megacrysts (0.03-4.8 wt percent Cr203) in Colorado-Wyoming kimberlites (Eggler and others, 1979) . The three having the lowest Cr203 content (all red orange and orange) are close in composition to peridotite garnets having similar low Cr203 contents (figs. 2E, 2F, 4B). The sixth megacryst is considerably more Fe rich and Cr poor and is similar to garnet compositions from one of the mafic granulites in the Williams diatremes (figs. 2E, 5B). The Fe-rich megacryst contains more Fe than the most Fe rich megacrysts and xenocrysts from Kimberley, South Africa, kimberlites and is similar to the most Fe rich garnets from Arizona kimberlites (Reid and Hanor, 1970, fig. 1 ). Additional analyses of Geology of the Williams Diatremes 9 --------------· Contact-Dashed where approximately located, ... 
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Garnets from Granulites, Mafic Granulites, and Mafic Amphibolites
Granulites, mafic granulites, and mafic amphibolites are rather common in the Williams 1 and 4 diatremes. Granulites have assemblages of garnet+ clinopyroxene+ plagioclase, and mafic granulites have garnet+ clinopyroxene± plagioclase. Both may contain small amounts of hypersthene, quartz, K-feldspar, rutile, amphibole, apatite, ilmenite, biotite, and carbonate. Mafic amphibolites have assemblages of garnet+ amphibole and may contain small amounts of plagioclase, clinopyroxene, apatite, sphene, ilmenite, and carbonate.
Orange and red-orange garnets from three mafic granulites and orange garnets from two mafic amphibolites have been analyzed (table 5) The two mafic amphibolites contain garnets that also show a small range of composition (table 5). These garnets contain more Ca and as much or more Fe in comparison with the granulite garnets ( fig. 2E) . Mafic amphibolite garnets have Mg/(Mg +Fe) of 0.17 to 0.20 ( fig. 5B ) and contain less than 0.15 wt percent Cr203 and more MnO (2.2-4.5 wt percent) than any other xenolith garnets analyzed so far.
Although mafic granulites that lack plagioclase can resemble eclogites in appearance, the granulite pyroxenes tend to be dark green rather than the graygreen or pale-green color of eclogitic pyroxenes and are low in the jadeite component (NaAlSi206) that is typical of eclogitic pyroxenes. The Ca-Mg-Fe contents of granulite garnets do not distinguish them from eclogite garnets. The granulite garnets plot within the area of Dawson and Stephens' (1975, 1976) group 3 (garnets dominantly from eclogites), but Dawson and Stephens did not include granulite garnets in the population used for their cluster group classification.
Garnets from Other Inclusions in the Williams Diatremes
A garnet-diopside-phlogopite inclusion (H67-28E-3, table 5) is probably related to the garnet peridotite suite because of similar pyrope content in the pink garnet. Although the Cr203 content (0.44 wt percent) is lower than that of any peridotite garnet or Mg-rich megacryst, the Cr203 content is higher than that of any mafic granulite garnet or amphibolite garnet (compare Cr contents in fig. 5B ).
The Ca-Mg-Fe composition of pink garnet from a coarse-grained garnet-rich garnet-biotite-ilmenite-rutile inclusion (H67-50D, table 5) is close to that of garnet from one of the mafic granulites ( fig. 2E ) and contains low Cr203 (0.14 wt percent) (compare Cr contents in fig. 5B ). This inclusion could be from the upper or lower crust.
GARNET-BEARING INCLUSIONS IN OTHER DIATREMES
Two orthopyroxenites from the Bullwhacker Coulee diatreme (Hearn, 1979) contain entirely altered orthopyroxene; small amounts of pink garnet and phlogopite are present in one, and small amounts of pink garnet, diopside, and amphibole(?) are found in the other (table 6B) From the Big Slide diatreme (Hearn, 1979) , pink garnet (table 6A) in a felsic granulitic gneiss that is dominantly composed of K-feldspar, plagioclase, quartz, garnet, and kyanite and contains small amounts of phlogopite, graphite, and rutile has an intermediate Mg/(Mg +Fe) value of 0.38 and contains less CaO than garnets from granulites, pyroxenites, or peridotites. The Cr203 content of the garnet from gneiss is low, less than 0.2 wt percent. Garnets from granulites that are locally abundant in the Big Slide diatreme have not yet been analyzed.
From the Ervin Ridge 1 diatreme (Hearn, 1979) , pink garnet (table 6C) from an inclusion of garnetbiotite-feldspar-sillimanite schist plots in the cluster of garnets from the Precambrian core of the Little Rocky Mountains ( fig. 7C ; see next section). A single xenocryst of pink garnet (table 6C) from the Bird Rapids 2 diatreme (Hearn, 1979 ) is slightly more Mg rich than garnets of that cluster ( fig. 7C ).
Garnets in Montana Diatremes: A Key to Kimberlite Prospecting
GARNETS FROM PRECAMBRIAN ROCKS IN THE LITTLE ROCKY MOUNTAINS
The tight cluster ( fig. 7C ) of garnets known or assumed to be derived from the Precambrian core of the Little Rocky Mountains contains data for three types of samples: (1) three orange garnets from garnet-kyanitemuscovite-quartz-feldspar schist cropping out in the Little Rocky Mountains, (2) two purple garnets that were collected from an anthill on the Thorsen dike and are probably residual from nearby terrace gravel deposits derived from the Little Rocky Mountains, and (3) a separate pink garnet and two pink garnets in pebbles of mica schist in conglomeratic sandstones of the Fort 0. 60 r---------.l------,-l-----r-l----.,.--l--------.l-------rl-----r-l----.,.--1------ Union Formation of Paleocene age that have been downfaulted several hundred meters along the borders of the Squaw Creek and Shellenberger Divide diatremes (Hearn, 1979) . Clasts in these conglomeratic sandstones were probably derived from the Little Rocky Mountains. In spite of their range of colors (purple, pink, and orange), garnets of all three types fall within the limited range of 0.18 to 0.29 Mg/(Mg +Fe) and are consistently low in CaO, all containing less than 2.3 wt percent. Cr20 3 is extremely low, less than 0.05 wt percent, although one garnet from the Thorsen dike locality contains 0.18 wt percent Cr203. The MnO content is variable, ranging from 0.55 to 1.48 wt percent.
COLLUVIAL GARNETS FROM THE WILLIAMS DIATREMES
Loose colluvial material was collected from the Williams 1 and 4 diatremes, which are 700 m apart ( fig. 1) , to represent the colluvial garnet population that could be found downstream from the Williams diatremes. The samples were panned, sieved, and separated with heavy liquids. Approximately 700 garnet grains ranging in size from 0.84 to 2.0 mm were classified into six color groups on the basis of binocular microscope observations. The color groups used were purple, red, pink, red orange, orange, and light orange. Eighteen to 22 grains from each color group were analyzed for Si02, Al203, FeO, MgO, CaO, Ti02, MnO, and Cr203 by means of electron microprobe. All tabulated analyses are averages of two to three analyses of each grain. No significant color variation was observed within grains, and no zoning was found by probe analysis. The chosen size range represents a common grain size of garnets in many types of xenoliths but may bias the sample and could exclude some xenoliths or megacrysts.
Chemical data from the six color groups of garnets from two samples of panned concentrates from the Williams diatremes were tabulated (table 1) and plotted (figs. 2-6) together for comparisons among the color groups with garnets of known sources (tables 2, 3; figs. 2-6) and with garnets from other diatremes (table 6A, 6B, 6C; figs. 7, 8) .
The purple garnets are the most distinctive group because of their high Cr 203 content and restricted ranges of MgO, FeO, and CaO. The range of Al203 contents for purple garnets is slightly larger than that for other groups as a result of substituting Cr for Al ( fig. 6A) . Twenty of 21 purple garnets ( fig. 3 ) contain more than Garnet-Bearing Inclusions in Other Diatremes 21 0. 6.---------~----------.---------~----------.-----------.----------,---------- 2.4 wt percent Cr203, more than any of the analyzed red-orange, orange, or light-orange garnets. The Cr 2 0 3 content of 16 of 21 purple garnets is larger than that of any pink or red garnets. One purple garnet (W -G V -07) (table 1) appears unique because its CaO content is much lower than that of any other purple garnet, it has only 0.04 wt percent Cr203, and its Ti02 content is much higher than that of any other purple garnet. It is similar to four red garnets ( fig. 2C ) and one light-orange garnet (W-GL-102) (table 1) that also are very low in Cr203 and have more than 1.0 wt percent Ti0 2 .
The red and pink groups both can be divided into two subgroups based on MgO and FeO content. The MgO-rich subgroup of each color is high in Cr203 but low in FeO (figs. 2C, 3) . The MgO-rich subgroups are close to the purple garnet group in Ca-Mg-Fe composition ( fig. 2) . All of the MgO-rich pink garnets contain 22 Garnets in Montana Diatremes: A Key to Kimberlite Prospecting more than 0.7 wt percent Cr203. The FeO-rich subgroups of the pink and red garnets are low in MgO and Cr203. Some of the FeO-rich pink garnets have MnO values (1.7-1.9 wt percent) higher than those of any other analyzed colluvial garnets.
Garnets of the three orange groups (red orange, orange, and light orange) were the most difficult to distinguish from one another because they are gradational in color. The three color groups show considerable overlapping of compositional ranges ( figs. 2A, 5A ). All three orange groups have a small range of AbOh and their Cr 2 03 and Cr range is smaller than that of purple, red. and pink groups (figs. 3, 5A). Like the red and pink garnets, the three orange groups can be split into two subgroups based on relative FeO and MgO contents. The Cr20l and Cr content of almost all garnets of the MgO-rich subgroup is higher than that of the FeO-rich ....
1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 AI CATIONS PER 12 OXYGENS Figure 6 . Continued. subgroup ( figs. 3, SA) . The range of CaO of the three orange groups is similar to the range of CaO observed in the purple, red, and pink garnets, although one orange and one light-orange garnet have higher CaO contents (compare Ca contents in figs. 2A, 2C) .
COMPARISON OF WILLIAMS COLLUVIAL GARNETS WITH GARNETS FROM KNOWN SOURCES
The colluvial purple garnets and the Mg-and Crrich red and pink garnets show a remarkable correspondence with the peridotite and megacryst garnets (figs. 2C, 2£, 5). In addition, these colluvial garnets, peridotite garnets, and megacryst garnets show the same trend of increasing Cr203 with increasing CaO (fig. 4) ; this trend is the lherzolitic trend of Sobolev and others (1973) .
However, some of the purple colluvial garnets ( fig. 4A ) fill a gap in the CaO-Cr203 trend between purple and red or red-orange garnets in peridotites ( fig. 4B) . All of the purple garnets from peridotites have CaO values between 5.5 and 7.0 wt percent and Cr203 values between 4.0 and 7.9 wt percent, whereas 19 of 21 purple colluvial garnets ( fig. 3) have generally equivalent or lower values of CaO (4.5-6.1 wt percent) and Cr203 (2.4-6.1 wt percent) ( fig. 4A ). One colluvial garnet is higher in CaO (6.7 wt percent) and is exceptionally high in Cr203 (9.9 wt percent). Thus, the colluvial purple garnets may, in part, represent disaggregated garnet peridotites that have not yet been found as xenoliths.
Cr-rich, Ca-poor garnets (group 10, low-calcium chrome-pyrope) (Dawson and Stephens, 1975, 1976) have not been found in the Williams colluvial garnet suite. Such garnets are present in other kimberlites as xenocrysts, inclusions in diamond, and grains in garnet harzburgite or garnet dunite xenoliths, commonly with Table 4 . Analyses of garnet megacrysts in the Williams 4 diatreme [Analysis number followed by field number: 142, H67-28J-2; 143, H67-28J-4; 144, H67-28B; 145, H67-28J-1; 146, P64-40H-1; 147, H67-28J-3. Analyses 143 and 144 from Hearn and Boyd (1975) Spaces 5, 6, 7-Analysis number, numbered consecutively for data from each locality
Cr-rich spinel also present (Finnerty and Boyd, 1980; McCallum and Eggler, 1976; Sobolev and others, 1973; Gurney and Switzer, 1973) . Green garnets of high Ca and high Cr content (group 12, knorringitic uvarovitepyrope) (Dawson and Stephens, 1975, 1976) known from other localities (summarized by Clarke and Carswell, 1977) have not been found in the Williams kimberlite.
The Mg-rich subgroups of pink, red, red-orange, orange, and light-orange colluvial garnets tend to be rich in Cr203 ( fig. 3 ) and thus may be fragments of upper mantle rocks or fragments of megacrysts. Mg-rich pink garnets are richer in Mg and poorer inCa than most of the purple garnets and overlap part of the cluster of eight red garnets ( fig. 2D) . Eight of the 10 Mg-rich pink garnets contain more than 1.7 wt percent Cr20 3 , and all contain more than 0.7 wt percent Cr20 3 . Of the main cluster of eight Mg-rich red garnets ( fig. 2D ), six contain more than 1.5 wt percent Cr203, and all contain 24 Garnets in Montana Diatremes: A Key to Kimberlite Prospecting more than 1 wt percent Cr203. A separate group of four Mg-rich red garnets and one purple garnet ( fig. 2B ) and one light-orange garnet ( fig. 2B) is distinctive in that these garnets contain less than 1 wt percent Cr20h 1.0 to 2.9 wt percent Ti02 (more than any of the Cr-rich red garnets), and slightly more Fe and show variable Ca for nearly constant Mg/Fe. Three additional Mg-and Tirich, Cr-poor garnets (W-GT-67, W-H0-81, and W-G0-90, table 1) may belong to the same group, but their slightly higher Ca content places them in the main cluster of red-orange and orange Mg-rich garnets ( fig.  2B ). If these garnets are indeed related to one another, they may represent a series of bulk compositions that are related by fractionation of Ca. This group of six to nine Mg-and Ti-rich, Cr-poor garnets does not correspond to any analyzed xenoliths or megacrysts. Some of these garnets may fit Dawson and Stephens' (1975, 1976) cluster group 2 (high-titanium pyrope) (all examples are megacrysts or xenocrysts in kimberlite). These garnets Fe ----------- Typical analysis number: 8 U -G P -1 0 3 0 Orange Spaces: 1, 2 3, 4 5, 6, 7
Spaces 5, 6, 7-Analysis number, numbered consecutively for data from each locality N   Table 6A . Analyses of garnets from the Big Slide 1 diatreme, SW1/4SE1/4 sec. 22 and NW1/4NE1/4 sec. 27, T. 24 N., R. 19 E. =--[Analyses 1-5 and 9-18: Panned concentrate from coarse alluvium in gully northwest of eastern breccia pipe; field no. H67-17A. Analyses 6-8: Garnete: kyanite-quartz-K feldspar-plagioclase granulitic gneiss with accessory phlogopite, rutile, and graphite; field no. H69-8C-2. ;: AI----------- •xenocryst in alnoite, Bird Rapids 2 diatreme, NE1/4SW1/4 sec. 17, T. 23 N., R. 20 E.; field no. H67-20E.
2 Garnet-biotite-plagioclase-apatite-rutile sillimanite schist inclusion in Ervin Ridge 1 diatreme, SE114SW114 sec. 26, T. 24 N., R. 20 E.; field no. P64-10B. 3 Garnet-kyanite-muscovite-K feldspar-quartz schist, Precambrian basement, Little Rocky Mountains, 6.5 km north of Zortman, Mont., NE1/4SW114 sec. 29, T. 26 N., R. 25 E.; field no. P63-11B.
4 Garnet from pebbles of mica schist (Precambrian) in conglomeratic sandstone of Fort Union Formation (Paleocene) in large inclusion downfaulted into Squaw Creek diatreme, SW1/4NE114 sec. 29, T. 25 N., R. 22 E.; field no. P65-191. 5 Garnet in conglomeratic sandstone of Fort Union Formation (Paleocene) in large inclusion downfaulted into Shellenberger Divide diatreme, SE1/4SW114 sec. 21, T. 24 N., R. 22 E.; field no. P65-23A. 6 Garnets from anthill on Thorsen dike, probably residual grains from erosion of nearby terrace gravel deposits derived from Little Rocky Mountains, NW114SE1/4 NW1/4 sec. 28, T. 25 N., R. 23 E.; field no. P64-41A-2. 7 Analyses have been designated according to the following scheme: Typical analysis number: B U -G P -1 0 3
Space 3-Type of sample analyzed: Spaces: 1, 2 3, 4 5, 6, 7 G Grains from panned concentrate, heavy-mineral separate, gravel, or anthill Spaces 1, 2-Locality: P may be close to Danchin and Wyatt's (1979) cluster groups 25 or 50, which contain garnets that are derived, in part, from ilmenite-bearing xenoliths. Mg-rich red-orange, orange, and light-orange colluvial garnets ( fig. 2B ) overlap the lower Ca portion of the peridotite garnet field ( fig. 2E ), but none fall into the higher Ca portion of that field. The three orange groups of Mg-rich garnets overlap part of the megacryst trend of constant Ca with varying Mg/Fe and continue that trend to higher Fe content. The trend and position suggest that garnets of the three orange groups are frag-30 Garnets in Montana Diatremes: A Key to Kimberlite Prospecting ments of megacrysts or are derived from garnet peridotites of generally lower Ca and Cr contents. Separation of orange garnets into three color groups (red orange, orange, and light orange) has not yet delineated distinctly separate sources for each color group.
If the colluvial garnets contain a representative sample of megacryst fragments, then the megacrysts probably are bimodal in Mg/(Mg +Fe) and do not form a complete series of compositions between the five Mgrich megacrysts and the one Fe-rich megacryst. Analyses of more megacrysts will test this conclusion.
Some of the Fe-rich colluvial red-orange, orange, and light-orange garnets ( fig. 2A) are comparable in Ca-Mg-Fe composition to the mafic granulite garnets ( fig. 2E ). The low Cr content of Fe-rich colluvial redorange, orange, and light-orange garnets ( fig. SA) is also similar to that of granulite garnets ( fig. SB) . The three orange groups do not show any generally systematic differences in composition, although the red-orange group has a higher proportion of Fe-rich, Cr-poor garnets ( fig. SA) . The Fe-rich, Ca-poor pink garnets ( fig.  2D ) that are similar in composition to garnets from Precambrian rocks in the Little Rocky Mountains ( fig. 7C ) are probably derived from Precambrian metamorphic rocks adjacent to the kimberlite at relatively shallow depths. None of the various colluvial garnets are similar to the mafic amphibolite garnets ( fig. 2E) . None of the Williams colluvial garnets are close in composition to garnets from orthopyroxenite inclusions in the Bullwhacker Coulee diatreme ( fig. 7A ) or from the felsic garnet-kyanite gneiss in the Big Slide diatreme ( fig. 7B ). The colluvial garnet grains, which are different from any of the analyzed garnets from inclusions (peridotites, granulites, and amphibolites), may be from other rock types or megacrysts, which have not been analyzed or found as discrete xenoliths.
